Aims/hypothesis. We examined risk factor management in diabetic and non-diabetic patients with CHD based on data from EUROASPIRE surveys. Methods. Consecutive CHD patients aged 70 years or younger were interviewed and examined at least 6 months after hospitalisation for a revascularisation procedure or acute myocardial infarction or ischaemia. Of these patients, 3569 were from the EUROASPIRE I study, undertaken from 1995 to 1996 in nine countries, and 5556 were from the EUROASPIRE II study, conducted between 1999 and 2000 in 15 countries. Results. In EUROASPIRE I and II 18% and 20% of CHD patients respectively had been previously diagnosed with diabetes. Fasting glucose screening raised the prevalence of diabetes in EUROASPIRE II to 28%. In EUROSPIRE II the prevalence of risk factors (known diabetic/non-diabetic) was: current smoking 17%/22 % (p=0.25); obesity (BMI ≥30 kg/m 2 ) 43%/ 29% (p<0.001); raised blood pressure (≥140/90 mm Hg) 57%/49% (p<0.001); and elevated total cholesterol (≥5.0 mmol/l) 55%/59% (p<0.001). The proportion of users of cardiovascular medication was: antiplatelet drugs 83%/86% (NS); beta-blockers 62%/63% (NS); ACE inhibitors 49%/35% (p<0.001); and lipid-lowering drugs 62%/61% (NS). A comparison of both studies showed that for diabetic and non-diabetic patients the prevalence of smoking had increased somewhat and that the prevalence of obesity had increased clearly. There was no improvement in blood pressure control, but cholesterol control had improved, mainly explained by the increased use of lipid-lowering drugs. Conclusions/interpretation. These European surveys show a high prevalence of adverse lifestyles and modifiable risk factors among diabetic and non-diabetic patients with CHD. The risk factor status was more adverse in diabetic patients.
Introduction
People with diabetes have a markedly increased risk of CHD and other forms of atherosclerotic disease [1, 2, 3, 4, 5, 6] . This applies to both Type 1 (insulin-dependent) and Type 2 (non-insulin-dependent) diabetes, but because Type 2 diabetes accounts for over 90% of all cases of diabetes, the majority of clinical manifestations of CHD and other atherosclerotic diseases in people with diabetes occur in patients with Type 2 diabetes. Currently, about 20% of patients with clinically established CHD have been previously diagnosed with diabetes [7, 8, 9, 10, 11] , and among patients with CHD the prevalence of undiagnosed diabetes is also high [12] . The long-term prognosis after a myocardial infarction or an episode of unstable angina is worse in diabetic than in non-diabetic patients [7, 8, 9, 10] and the same applies to the prognosis after coronary artery bypass grafting [13] or percutaneous coronary intervention [11] .
Evidence from clinical trials indicates that the relative reduction in CHD risk resulting from risk factor interventions is similar in diabetic and non-diabetic individuals, but because of their higher absolute CHD risk the absolute benefit is even greater in diabetic individuals. Such evidence is available on lipid-lowering drugs [14, 15, 16, 17, 18] , blood-pressure-lowering drugs [19, 20, 21] , antiplatelet drugs [22] , betablockers [23] and ACE-inhibitors [24, 25, 26] . Trial evidence on the effect of glycaemic control on the risk of primary and recurrent CHD events in diabetic subjects still remains scarce. The UK Prospective Diabetes Study showed, however, that in Type 2 diabetic patients improved glycaemic control reduced the risk of myocardial infarction [27] . Although only observational but no specific trial evidence is available on the benefits of healthy lifestyles (prudent diet, avoidance of overweight, regular physical activity, and avoidance of smoking) for the reduction of CHD risk in diabetic people, such measures are presumably even more important for people with diabetes than for nondiabetic individuals. Thus, there is a great potential for preventive practice in diabetic patients in general, and particularly in those with CHD.
Patients with clinically established CHD are defined as the highest priority in the Joint European Societies' guidelines on the prevention of CHD, which were published in 1994, 1998 and 2003 [28, 29, 30] and clearly emphasise the high-risk status of diabetic patients. Two surveys about the actual practice of secondary prevention of CHD and its progress have been published. The first was EUROASPIRE (European Action on Secondary Prevention through Intervention to Reduce Events) I, conducted in nine countries (the Czech Republic, Finland, France, Germany, Hungary, Italy, the Netherlands, Slovenia and Spain) from 1995 to 1996 [31] . The second, EUROASPIRE II, covered 15 countries (the previous nine plus Belgium, Greece, Ireland, Poland, Sweden and UK) and was conducted from 1999 to 2000 [32] . Drawing on these studies, this article examines and compares risk factor management, including the use of prophylactic cardiovascular drugs, in diabetic and non-diabetic patients with CHD. The main emphasis will be on findings from EUROASPIRE II, but the findings from EUROASPIRE I and II will also be compared to demonstrate the trends in preventive practice.
Subjects and methods
Study populations. The study populations of EUROASPIRE I and II have been described in previous publications [31, 32] . Briefly, within each country, one or several geographical areas with a defined population were selected and hospitals serving that population were identified. Within each hospital, consecutive patients of both sexes, who were aged 70 years or less and had been hospitalised for the treatment of CHD, were identified retrospectively using the following hierarchical category of diagnoses: (i) coronary artery bypass grafting (CABG); (ii) percutaneous transluminal coronary angioplasty (PTCA); (iii) acute myocardial infarction (AMI); and (iv) acute myocardial ischaemia without infarction. In each country, the aim was to obtain approximately equal numbers of patients from each of these four diagnostic categories and a total of about 400 patients for interview and risk factor assessment at least 6 months after hospitalisation for the index event had occurred.
In EUROASPIRE I 4863 patients fulfilling the inclusion criteria were identified, 4576 patients were contacted and still alive, and 3569 (78%) were interviewed and examined. In EUROASPIRE II the corresponding numbers were: 8181, 7310 and 5556 (76%). In both surveys the median time between index event and interview was 1.4 years (interquartile ranges: 1.1-2.0 years and 1.1-1.9 years). All participants gave informed consent.
Methods. The study protocols and methods applied in EUROASPIRE I and II have been previously described [31, 32, 33] . The patient interview and examination included: personal and demographic details, CHD and diabetes history, information on lifestyle advice given by health professionals, use of cardiovascular drugs, assessment of smoking status (validated by measurement of breath carbon monoxide), measurement of height, weight and waist circumference, calculation of BMI (kg/m 2 ), blood pressure measurement, and measurement of plasma lipid concentrations by a central laboratory, with arrangements described previously [31, 32, 33] . In EUROASPIRE II plasma glucose was measured from samples separated from lithium-heparin venous blood and sent frozen to the central laboratory, where values were determined using the hexokinase method on a Bayer Axon analyser (Bayer, Leverkusen, Germany), with a coefficient of variation of 2.8%.
The diagnosis of known diabetes at interview was based on a history of diabetes diagnosed by a physician. In EUROASPIRE II the criteria given in the 1999 Report of the World Health Organization Consultation [34] were used in patients without a history of diabetes to diagnose the two categories of impaired glucose regulation (IGR): (i) diabetes = fasting plasma glucose (FPG) ≥7.0 mmol/l; and (ii) impaired fasting glycaemia = FPG ≥6.1 mmol/l but <7.0 mmol/l.
Statistical analyses.
Descriptive statistics were used to illustrate the demographic characteristics and to estimate the prevalence of risk factors and the use cardiovascular drugs. Age distributions were compared using the non-parametric MannWhitney test and distributions of continuous risk factor variables using analysis of covariance modelling, adjusting for age, sex, diagnostic category and centre. In these models p values were corrected with the Dunnett-Hsu procedure for multiple testing against the reference group [35] . Lipid variables were log-transformed in the statistical analyses. Differences in binary outcomes, adjusting for age, sex, diagnostic category and centre, were evaluated by logistic regression modelling with p values based on the Wald chisquare statistic. Calculation of 95% CIs for differences in frequency estimates between EUROASPIRE I and EUROASPIRE II was done according to the Newcombe-Wilson hybrid score method [36] . A logistic model including an interaction term between diabetic status and survey was used to examine whether the between-survey differences in diabetic and non-diabetic patients actually constituted a difference. A p value of less than 0.05 was considered statistically significant.
Results
Prevalence, mode of treatment and glycaemic control of diabetes In EUROASPIRE I, 641 (18.0%) of the 3569 interviewed patients had a history of previously diagnosed diabetes. The figure for EUROASPIRE II was 1086 (19.6%) of the 5556 interviewed patients. Table 1 shows the prevalence of known diabetes by centre, diagnostic category, sex and age. In both surveys the prevalence of diabetes was higher in patients who had undergone CABG than in other diagnostic categories. It was also higher in women than in men, and in patients older than 60 years. All the results reported in this article are based on data from the whole study populations combining data from different centres, diagnostic categories and data for men and women.
In EUROASPIRE II, 876 (19.5%) of the 4489 patients with FPG measurements after a fast of at least 6 hours had known diabetes. In addition, 383 patients (8.5%) had undiagnosed diabetes (FPG ≥7.0 mmol/l), raising the total prevalence of diabetes to 28.0%. The number of patients with impaired fasting glycaemia (FPG ≥6.1 mmol/l but <7.0 mmol/l) was 850 (18.9%). When these were included, the prevalence of IGR was as high as 46.9%.
Of the 641 patients with known diabetes in EUROASPIRE I, 39.5% were treated with diet only, 39.9% with oral hypoglycaemic drugs and 20.6% with insulin (including patients receiving insulin plus oral hypoglycaemic drugs). In EUROASPIRE II, information on the mode of treatment was available for 1072 patients with known diabetes. Of them, 24.0% were treated with diet only, 50.3% with oral hypoglycaemic drugs and 25.8% with insulin.
In EUROASPIRE II, FPG measurements were available on 823 patients with known diabetes. In 12.5% of them FPG was 6.0 mmol/l or lower, in 15.1% it was 6.0 to 6.9 mmol/l, and in 72.4% it was 7.0 mmol/l or higher. There was no significant difference in FPG distribution between insulin-treated (n=276) and non-insulin-treated patients (n=796; treated with diet only or with oral hypoglycaemic drugs). Table 2 shows the distribution of age and continuous risk factor variables in diabetic and non-diabetic patients at interview. Diabetic patients were more obese and had higher ystolic but lower diastolic blood pressure than nondiabetic patients. Total and LDL cholesterol and HDL cholesterol were lower, whereas triglycerides were higher in diabetic than in non-diabetic patients. Non-HDL cholesterol levels were similar in diabetic and non-diabetic patients. In patients treated with insulin systolic blood pressure was somewhat higher (median 144.5 mm Hg vs 141.0 mm Hg; p=0.07) and diastolic blood pressure lower (median 78.5 mm Hg vs 81.0 mm Hg; p=0.01) than in patients not treated with insulin. Poor glycaemic control was associated with more severe dyslipidaemia. Thus in diabetic patients with FPG of 6.0 mmol/l or less, of 6.0 to 6.9 mmol/l, and of 7.0 mmol/l or more, the median values for HDL cholesterol were 1.16, 1.11 and 1.12 (p=0.01), and for triglycerides 1.34, 1.58 and 1.75 (p<0.001) respectively. Table 3 shows the prevalence of the most important risk factors in diabetic and non-diabetic patients, using the cut-offs given for continuous risk factors in the 1998 Joint European Societies' guidelines, and also using lower cut-offs for blood pressure and total and LDL cholesterol given in more recent guidelines. There was no significant difference in the prevalence of current smoking between diabetic and non-diabetic patients. The prevalence of overall overweight and obesity, as well as abdominal obesity, was higher in diabetic than in non-diabetic patients. The prevalence of elevated blood pressure was higher in diabetic than in non-diabetic patients, although, as will be shown later, diabetic patients used blood-pressure-lowering drugs somewhat more frequently than non-diabetic patients. With lower cut-offs the prevalence of raised blood pressure was, however, similar in diabetic and non-diabetic patients. The prevalence of elevated total and LDL cholesterol was somewhat lower in diabetic than in non-diabetic patients. As will be shown later, almost two-thirds of diabetic and non-diabetic patients used lipid-lowering drugs. Yet among the users of lipid-lowering drugs, only 52.8% of diabetic and 51.3% of non-diabetic patients reached the LDL cholesterol goal of less than 3.0 mmol/l (p=0.02). Applying a lower LDL cholesterol goal (<2.5 mmol/l), the respective proportions were 32.4% vs 27.1% (p=0.0002). Table 4 compares risk factor distributions in 4489 patients classified into four glycaemia categories: known diabetes, undiagnosed diabetes, impaired fasting glycaemia and normoglycaemia. The prevalence of smoking was lower in the known diabetes category than in other glycaemia categories. Patients in all IGR categories were more obese and had higher systolic blood pressure and triglycerides and lower HDL cholesterol than normoglycaemic patients. No consistent trends over the patient groups were observed in total and LDL cholesterol, but non-HDL cholesterol was higher in patients with impaired fasting glycaemia and undiagnosed diabetes than in normoglycaemic patients.
Findings from EUROASPIRE II

Risk factors and their control.
Lifestyle advice. Information collected at interview on lifestyle advice given to diabetic and non-diabetic patients to reduce their cardiovascular risk is summarised in Table 5 . Personal advice to stop smoking had been given by a health worker somewhat more frequently to diabetic patients than to non-diabetic patients. The proportion of those who had attempted to stop smoking since the index event was, however, similar among diabetic and non-diabetic patients (80.5% vs 82.9%). Among those who had attempted to stop, 14.4% of diabetic and 20.1% of non-diabetic patients had used nicotine replacement therapy (p=0.15). Advice to reduce weight and to follow a diet aiming to lower blood pressure, when appropriate, had been given more often to diabetic than non-diabetic patients. About two-thirds of diabetic and non-diabetic patients with a history of hyperlipidaemia had received counselling on a cholesterol-lowering diet. Of all diabetic and non-diabetic patients, about two-thirds had received advice on exercise. Advice to participate in a cardiac rehabilitation programme was somewhat less frequent among diabetic than non-diabetic patients.
Use of cardiovascular drugs. The use of antiplatelet drugs, beta-blockers, statins, any lipid-lowering drugs and anticoagulants was almost similar in diabetic and non-diabetic patients ( Table 6 ). 
001).
Considering all the eight different classes of prophylactic drugs listed in Table 6 , 23.3% of diabetic and 14.8% of non-diabetic patients used four or more of these drugs (p<0.001).
Comparison of EUROASPIRE I and II BP, blood pressure EA-I, EUROASPIRE I; EA-II, EUROASPIRE II; a BMI ≥30 kg/m 2 ; b systolic BP ≥140 and/or diastolic BP ≥90 mm Hg; c total cholesterol ≥5.0 mmol/l in the nine centres which participated in both surveys. Among diabetic and non-diabetic patients the prevalence of smoking had increased slightly and the prevalence of obesity had increased markedly. The prevalence of raised blood pressure remained almost unchanged, while the prevalence of elevated total cholesterol decreased markedly and by a similar margin in diabetic and non-diabetic patients. The use of antiplatelet drugs, diuretics and anticoagulants remained virtually unchanged, whereas the use of beta-blockers increased and the use of calcium antagonists decreased by a similar amount in diabetic and non-diabetic patients. Although the proportion of patients using blood-pressure-lowering drugs was already very high in EUROASPIRE I, it was even higher in EUROASPIRE II among diabetic and nondiabetic patients. The use of lipid-lowering drugs among diabetic and non-diabetic patients was almost two times more frequent in EUROASPIRE II than in EUROASPIRE I and this increase was due to a marked increase in the use of statins.
The interaction term between diabetic status and survey was not statistically significant for any of the outcome variables in the comparison of EUROASPIRE I and II. This indicates that the differences between the two surveys were similar in diabetic and non-diabetic patients.
Discussion
This study, based on EUROASPIRE I and II surveys, demonstrated a high prevalence of adverse lifestyle characteristics and modifiable risk factors in European diabetic and non-diabetic patients with CHD. In EUROASPIRE II about 20% of diabetic and non-diabetic patients continued to smoke, 43% of the diabetic patients and 29% of the non-diabetic patients were frankly obese (BMI ≥30 kg/m 2 ), 57% of the diabetic patients and 49% of the non-diabetic patients had raised blood pressure (systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg), and 55% of the diabetic patients and 59% of the non-diabetic patients had elevated total cholesterol (≥5.0 mmol/l).
A comparison of findings from EUROASPIRE I and II demonstrated some increase in the prevalence of smoking and a clear increase in the prevalence of obesity, no improvement in blood pressure control, but a clear improvement in cholesterol control, mainly explained by increased use of lipid-lowering drugs. As to the use of other proven prophylactic drugs, the use of antiplatelet drugs was already at an adequate level in EUROASPIRE I, and the use of beta-blockers and ACE-inhibitors increased between EUROASPIRE I and II, both in diabetic and in non-diabetic patients.
At 18% in EUROASPIRE I and 20% in EU-ROASPIRE II, the prevalence of previously diagnosed diabetes corresponded to the findings in other recent studies of patients with clinically established CHD [7, 8, 9, 10, 11] . Although it was not possible to classify the diabetic patients according to type of diabetes, the majority of them must have had Type 2 diabetes. In EUROASPIRE II, using FPG of 7.0 mmol/l or more as a criterion for undiagnosed diabetes, the total prevalence of diabetes rose to 28%. Furthermore, when impaired fasting glycaemia (FPG ≥6.1 mmol/l but <7.0 mmol/l) was also included, almost half of the patients had IGR. This may, however, be an underestimate of the real situation, because the use of FPG as the only criterion, as compared with 2-h plasma glucose in an OGTT, tends to underestimate the prevalence of undiagnosed diabetes and milder forms of IGR [37] . The potential importance of these undiagnosed glucose abnormalities with regard to the risk of recurrent CHD events is emphasised by our finding that in such patients the risk factor pattern resembled that observed in patients with previously diagnosed diabetes.
The most important limitation of EUROASPIRE surveys is that for practical reasons the patient populations from the participating countries were identified from geographically defined areas around academic cardiology centres and thus were not a representative sample of all CHD patients in each country. Independently of whether the results from the 15 countries participating in EUROASPIRE II, or only those from the nine countries participating in both surveys were considered, the findings of EUROASPIRE II were rather similar, suggesting that EUROASPIRE surveys have given a reasonably good overall picture about the status of secondary prevention of CHD in Europe. Nevertheless, as shown by the principal reports from EUROASPIRE I and II [31, 32] , there were differences between countries in several aspects of preventive practice. An important strength of the EUROASPIRE surveys is that the interviews and risk factor measurements were carried out at a median interval of more than 1 year after the admission for an acute coronary event or revascularisation procedure, at a time when the patients were in a stable phase of their CHD and under their usual care. Thus the surveys provided information on the actual everyday practice of secondary prevention of CHD.
Although for practical reasons data collection had to be kept simple, our findings clearly indicate that dietary and other lifestyle aspects did not get enough attention, and thus important non-pharmacological opportunities of prevention were missed. The easier part of preventive care, prescription of prophylactic drugs, improved in terms of increasing proportions of patients receiving these drugs and in this respect the progress was rather similar among both diabetic and non-diabetic patients. Yet, considerable problems remained, particularly in achieving the treatment goals for blood pressure and cholesterol.
In EUROASPIRE I and II about 90 % of diabetic patients and almost as large a proportion of non-diabetic patients were taking one or several drugs with blood-pressure-lowering effect, although not always for the treatment of raised blood pressure but rather for the treatment of their CHD or heart failure. Yet, even with conservative blood pressure goal definitions only about one half of diabetic and non-diabetic patients reached those goals. Our surveys do not give any indication of how to explain this failure to achieve blood pressure control among CHD patients, but possible explanations include misunderstanding or negligence of treatment goals by physicians, too low drug dosages, and poor compliance on the part of the patients. Considering the recent recommendations on stricter blood pressure goals for diabetic patients (systolic blood pressure <130 mm Hg and diastolic blood pressure <80 mm Hg) [30, 38] , the treatment gap was even wider in diabetic patients with CHD.
As to cholesterol management, in EUROASPIRE II less than half of diabetic and non-diabetic patients had reached the conservative cholesterol goals (total cholesterol <5.0 mmol/l or LDL cholesterol <3.0 mmol/l) of the 1998 Joint European Societies' guidelines [29] . The dosage of lipid-lowering drugs appeared to have often been inadequate, since only about one half of diabetic and non-diabetic patients taking lipid-lowering drugs had reached the LDL cholesterol goal of less than 3.0 mmol/l, and only one-third the LDL cholesterol goal of less than 2.5 mmol/l recommended for patients with clinically established CHD in the 2003 revision of the Joint European Societies' guidelines [30] .
Providing comprehensive care to diabetic patients with CHD is a challenging and complex task. Diabetic patients who are free of atherosclerotic disease are usually under the care of endocrinologists or family physicians for glycaemic control and monitoring for early detection of specific diabetic complications. However, when CHD is diagnosed, particularly if a myocardial infarction or other acute coronary event or coronary bypass surgery or percutaneous coronary intervention leads to hospital admission, attention to the cardiological problem becomes dominant, and the main responsibility in care tends to shift, at least for some time, to cardiologists, who may be less familiar with the management of diabetes and associated metabolic disorders. This may in part explain why our study demonstrated so poor glycaemic control and also poor management of obesity in diabetic patients with CHD. In the main area of interest for cardiologists, the use of cardiovascular drugs, the development was better and approximately similar in diabetic and non-diabetic patients. However, recognition of the particularly high risk of diabetic patients did not become evident in terms of a more aggressive approach in preventive care. To improve the comprehensive preventive care of diabetic patients with CHD, communication and cooperation between cardiologists and the physicians responsible for long-term care of these patients must be improved.
In conclusion, these European surveys of the practice of prevention in patients with CHD showed a high prevalence of adverse lifestyles and modifiable risk factors among both diabetic and non-diabetic patients, with a more adverse risk factor status among diabetic patients. The use of prophylactic drug therapies had improved, but was still far from optimal. The highrisk status of diabetic patients with CHD should lead to a more aggressive approach in their preventive care. Screening for undiagnosed diabetes and milder impairments of glucose regulation should become an integral part of the care of patients with clinically established CHD.
